␤FTZ-F1 alone has no effect on early gene transcription but, rather, enhances the ecdysone-induction of BR-C, in prepupae. The best characterized of these stagespecific puffs is at 93F, containing the E93 early gene E74A, and E75A transcription and directs premature E93 induction in cultured third instar larval salivary glands (Baehrecke and Thummel, 1995). E93 is induced directly by ecdysone in late prepupal salivary glands but shows (Woodard et al., 1994) . Taken together, these observations suggest that ␤FTZ-F1 is one of the competence no response to the same signal several hours earlier, in late larvae (Figure 1) . In a series of detailed studies, factors defined by the puffing studies of Richards (1976a Richards ( , 1976b . Richards (1976a Richards ( , 1976b showed that competence is acquired during the mid-prepupal period for both reinTo test this hypothesis, we have isolated and characterized a loss-of-function mutation in ␤FTZ-F1. As preduction of the BR-C, E74A, and E75A early puffs as well as induction of stage-specific puffs such as 93F. The dicted for loss of a prepupal competence factor, ␤FTZ-F1 mutants display defects in adult head eversion, leg prepupal puffing response cannot be achieved in early prepupal salivary glands cultured in the continuous elongation, and salivary gland cell death-hallmarks of the prepupal-pupal transition (Figure 1 ). The ecdysonepresence of ecdysone. Rather, a preceding period of low ecdysone concentration and protein synthesis is triggered regulatory hierarchy that directs this developmental transition is also disrupted in mutant prepupae. required before the salivary glands become competent to respond to the hormone (Richards, 1976a). The simEcdysone receptor levels, however, remain unchanged, suggesting that ␤FTZ-F1 can provide competence through plest interpretation of these observations is that one or more proteins that are repressed by ecdysone and direct regulation of early gene promoters. expressed in mid-prepupae provide competence for the prepupal genetic response to ecdysone.
An orphan member of the nuclear receptor superfamResults and Discussion ily, ␤FTZ-F1, is a likely candidate for a mid-prepupal competence factor. FTZ-F1 encodes two protein isoIsolation of a ␤FTZ-F1 Mutation To generate a mutation specific for the ␤FTZ-F1 isoform, forms, ␣FTZ-F1 and ␤FTZϪF1, defined by distinct N-terminal sequences joined to a common C-terminal region mutagenesis was carried out by imprecise excision of a viable P element insertion, Figures 4E-4F) . Segmentation of mutant legs is normal, indicating that patterning of the leg discs has not been disrupted. However, mutant legs are shorter, wider, and kinked relative to legs of control animals. In the most severe cases, bristle development is incomplete on the femur and tibia. These phenotypes define a role for ␤FTZ-F1 during the late stages of leg development, when the patterned leg disc undergoes morphogenesis and differentiation.
We examined the fate of the larval salivary glands in control and FTZ-F1 17 /Df(3L)Cat DH104 mutant pupae using the B62 GAL4 driver that expresses strongly in salivary glands (Gustafson and Boulianne, 1996) and a P[UAS-GFP] reporter. In control animals, the larval salivary gland begins to undergo programmed cell death at about 12 hr after puparium formation as revealed by extinction of GFP expression ( Figure 4G ). In all FTZ-F1 17 / Df(3L)Cat DH104 mutants that stall as early pupae (N ϭ 66) and in 88% of cryptocephalic animals (N ϭ 16), the larval salivary glands fail to be destroyed ( Figure 4H ). The persistent larval salivary glands can be detected until animals show necrosis 7-10 days later.
␤FTZ-F1 mutants thus display stage-specific defects in their ability to respond to ecdysone during the onset of metamorphosis. These mutants pupariate normally and progress through prepupal development but display defects in the prepupal-pupal transition. These observations indicate that ␤FTZ-F1 is essential for stage-specific developmental responses to ecdysone. . It thus appears that ␤FTZ-F1 exerts specificity biological responses to ecdysone that distinguish the in the degree to which it can enhance the ecdysoneprepupal-pupal transition. ␤FTZ-F1 mutants pupariate induction of different promoters. The E93 early gene is normally in response to the late larval pulse of ecdysone also submaximally induced in ␤FTZ-F1 mutants, consisbut display defects in adult head eversion, leg elongatent with the proposal that this stage-specific response tion, and salivary gland cell death, changes that characis dependent on ␤FTZ-F1 function. In contrast, the levels terize the prepupal-pupal transition (Figures 3 and 4 whereby ␤FTZ-F1 could exert this function is through interactions with the ecdysone-receptor complex at tar-
